) in this Canadian population was 13.3%. The average difference in HUI3 scores between normal weight and morbidly obese respondents was 0.04 (P`0.001). Statistically signi®cant (P`0.05) differences across BMI categories were found in each of the eight component attributes of the HUI3. The attributes with the most substantial difference between normal and obese patients were cognition, mobility and pain. All demonstrated a ! 2-fold increase in the proportion of individuals in poorer classi®cations of health when normal weight respondents were compared with the morbidly obese. The magnitude of the decrement in utility ratings associated with obesity was comparable with other chronic non-cardiovascular conditions such as migraine or colitis.
Introduction
Analysis of the ®rst cycle of the National Population Health Survey (NPHS), 1994 ± 1995 1 found an overall prevalence of obesity (BMI ! 27 kgam 2 ) of 30.6% in non-institutionalized Canadians. 2 The World Health Organization's MONICA study estimated that, internationally, between 50% and 75% of adults are either overweight (body mass index (BMI) between 25 and 29.9 kgam 2 ) or obese (BMI ! 30 kgam 2 ). 3 Increasing obesity trends pose a signi®cant concern as serious comorbities have been linked with obesity, 4 the most common being diabetes mellitus, 5, 6 hypertension and cardiovascular disease. 7 Associations have also been reported with osteoarthritis, 8, 9 gallbladder disease, 10 and certain types of cancer. 11, 12 With more than 280 000 deaths per year attributable to obesity, 13 it is second only to smoking as a cause of death.
14 As weight increases, individuals are also more likely to develop serious limitations in the ability to perform basic daily activities. 15, 16 While this link between obesity and increased risk of morbidity and mortality is well established, 4, 5 considerably less is known about the impact of obesity on aspects of quality of life such as functional health status and subjective well being.
Functional status and health, summarized in the broad term`quality of life', have emerged as signi®cant endpoints of medical care in many chronic disease states. 17 A common indicator for this has been evaluating health-related quality of life (HRQOL). 17 ± 19 HRQOL refers to the overall impact of an illness or condition on physical and mental functioning and well being as subjectively evaluated and reported by the respondent. Several domains are included in HRQOL questionnaires: physical functioning, role limitations due to physical health problems, bodily pain, general health perception, vitality, social functioning, role limitations due to emotional problems and mental health. 19 Studies evaluating HRQOL in obese patients may not only be able to inform treatment practice, but also to in¯uence public health policy by assessing the ef®cacy and value of treatment interventions to patients.
The Health Utility Index-Mark III (HUI3) is a preferencebased, interval-scaled, health status classi®cation system. 20 The HUI3 consists of eight-attributes: vision, hearing, speech, mobility, dexterity, emotion, cognition and pain. Each of the attributes has three to ®ve subcategories of increasing disability. Mathematically, there are 972 000 distinct combinations of levels for the eight attributes. 21 The HUI3's strength is that it can be aggregated into one single number that represents a weighted sum of each of the eight attributes.
Although quality of life and utility measures have emerged as an acceptable endpoint in outcomes research, one problem continues to prevent the widespread use of utilities in policy making; the dif®culty in determining what constitutes a clinically important difference. 17 Therefore, the primary objective of this study was to determine which attributes contribute to changes and the magnitude of the difference in the health state utility of individuals of varying BMI.
Methods
The National Population Health Survey (NPHS) is a prospective, longitudinal national survey of the health of Canadians. 22 All analyses were performed using the`Public Use Health Microdata File, 1996 ± 1997'. The NPHS target population included household residents of all provinces with the exception of populations on First Nation Reserves, Canadian Forces Bases, and some remote areas of Ontario and Quebec. Residents of long-term care facilities were also excluded. The survey enrolled 81 804 respondents with a response rate of 95.6%.
The`Health Micro Data File' portion of the survey consisted of 944 variables that are composed of questions asked primarily through telephone interviews. The questionnaire included sections on health status, use of health services, risk factors, demographic and socio-economic status. Since the weighting system for the HUI3 interview instrument is still being validated, all scores were calculated by mapping the responses to HUI3 questions onto the HUI2 classi®cation system. 21 Therefore, all HUI3 scores reported in this analysis should be considered`provisional' utilities.
The population in the analysis was limited to respondents 20 ± 64 y of age, excluding pregnant women. Respondents whose records were missing data for common obesity-related risk factors such as`age',`sex',`smoking status',`level of physical activity',`education level',`household income', as well as`health utility index' were deleted in a list-wise manner. Descriptive statistics were calculated for the remaining population for all demographic variables mentioned above. The age ± sex-speci®c mean of the HUI3 score was calculated, as was the proportion of respondents in each HUI3 attribute (ie vision, hearing, speech, mobility, dexterity, emotions, cognition, painadiscomfort) level by BMI category. Weight categories were classi®ed according to the World Health Organization criteria. 23 Normal weight was de®ned as a BMI of 19 ± 24.9 kgam 2 , overweight was de®ned as a BMI of 25 ± 29.9 kgam 2 , obesity (Obese Class I) was de®ned as a BMI 30 ± 34.9 kgam 2 , while morbid obesity (Obese Class II ± III) was categorized as a BMI of ! 35 kgam 2 . BMI has previously been shown to be highly correlated with other measures of obesity such as skin-fold and body density measures. 24 Differences in the primary outcome, age ± sex-speci®c mean HUI3 score across BMI categories, were analyzed using the one-sample Kolmogorov ± Smirnov test of normality and an ANOVA, in SPSS 9.0
1 . Since the median scores for the study population were highly skewed, Pearson's w 2 -test was used to detect signi®cant differences in the secondary outcome, the proportion of respondents across BMI categories for each HUI3 attribute. Finally, absolute differences in HUI3 scores were then compared against the Beaver Dam Study 25 to gauge the clinical relevance of the ®ndings. The level of signi®cance was set at P 0.05 a priori for all tests. Since the NPHS was based on a strati®ed, multiple stage selection design with unequal probabilities of selecting respondents, all sample weights were rescaled in order to allow for statistical analysis. Rescaling was accomplished by using an analysis weight equal to the original weight divided by the average of the original weights for the respondents included in the analysis.
Results
All calculations were performed on a subset of the NPHS population consisting of 38 151 respondents that met all inclusion criteria. General demographic information about this population is displayed in Table 1 . Using the new de®nition according to the WHO (BMI ! 30 kgam 2 ), the prevalence of obesity was 13.3%, signi®cantly lower than previous estimates of obesity in Canada. This is attributable to the use of a higher BMI cut-off for the de®nition of obesity than previous studies. 2, 26 Trends such as higher mean BMI scores with increasing age, lower education and lower income were consistent with previous surveys. Table 2 describes the age ± sex-speci®c mean HUI3 scores for each weight category. A signi®cant drop in mean HUI3 score as BMI increased was demonstrated in all age groups except 30 to 39-y-old males. A small but signi®cant difference (P`0.001) in HUI3 scores of 0.02 was evident between the normal weight (BMI 20 ± 25.9 kgam 2 ) and obese class II ± III ). Comparatively, the difference between the same weight categories in women was larger at 0.06 (P`0.001). The overall population difference in mean HUI3 scores between the normal weight and obese class II ± III categories was 0.04 (P`0.001).
The w 2 analysis detected a clear trend across increasing BMI categories in each of the eight-attributes of the HUI3 instrument. Vision (P`0.001), hearing (P`0.001), speech (P`0.002), mobility (P`0.001), dexterity (P`0.008), cognition (P`0.001), emotion (P`0.001), and painadiscomfort (P`0.001) scores all showed signi®cant worsening as BMI increased. The largest differences (ie at least a 2-fold increase in the most severe level of impairment or symptom score) were observed in the attributes of mobility, cognition and pain. These are shown in detail in Tables 3 ± 5 . The number of respondents in the obese class II ± III category reporting a mobility`problem or requiring a mechanical supporta wheelchair' increased by 4.7-fold (Table 3) . Similarly, 2.3-fold more respondents in the obese class II ± III population than the normal weight population reported`some dif®culty thinking' (Table 4) . Obese class II ± III respondents also reported that they had`pain that prevents some activities' or`pain that prevents most activities' 3.6-fold and 3.2-fold, more often than normal weight respondents, respectively (Table 5) . Although not part of the HUI3 instrument, Table 6 describes the severity of pain felt by respondents. There was a signi®cant trend (P`0.001) with greater proportion of obese class II ± III respondents reporting`moderate paina discomfort' (2.2-fold) and`severe painadiscomfort' (2.4-fold) than normal weight respondents.
Discussion
The present study is the ®rst to show a decrease in all eightattributes of the HUI3 associated with obesity. This result agrees with a study by Fontaine et al, which used the Medical Outcomes Study Short Form-36 Health Survey (SF-36) and showed that compared with general population norms, obese patients seeking treatment (mean BMI 38.1) scored signi®cantly lower in all eight domains, especially body pain Health status of obese individuals K Trakas et al and vitality. 18 These decreases in quality of life became substantially more pronounced from mild to morbid obesity. More recently, Fine et al 27 demonstrated that higher BMIs were associated with lower mean scores on the physical functioning, freedom from bodily pain, and role functioning due to physical problems domains of the SF-36 quality of life instrument. Women in this population who gained weight over a period of 4 y also experienced a mean decrease in all but the mental health subscales of the SF-36.
The only other instrument which has been employed in determining quality of life in obesity has been a disease speci®c scale, the Impact of Weight on Quality of Life Chi-square test shows signi®cance P`0.001. Chi-square test shows signi®cance P`0.001. Chi-square test shows signi®cance P`0.001.
Health status of obese individuals K Trakas et al questionnaire (IWQOL). 28 Its domains include: health, socialainterpersonal, work, mobility, self-esteem, sexual life, activities of daily living (ADL), and comfort with food. 28 The ®ndings of this one study showed that as BMI increased, quality of life decreased in areas of health, socialainterpersonal, work, mobility and ADL. The impact of weight was also found to be greater in women than men. Our study was able to demonstrate an absolute decrease in both genders when comparing the lowest to the highest weight categories, with the largest utility changes occuring in women.
The secondary purpose of this study was to determine whether some speci®c attributes of well being may be affected by obesity more than others. Using a simple criterion of a greater than 2-fold difference in any level within an attribute when comparing the lowest and highest weight categories`mobility',`cognition' and`activity prevention due to pain' each demonstrated signi®cant differences. The 4.7-fold increase in respondents`requiring mechanical support or a wheelchair' agrees strongly with previous studies addressing the activities of daily living. Hans et al used the RAND-36 questionnaire on a randomly sampled Dutch population (n 4041, mean BMI 25.2) and found that obesity created dif®culties in walking, bending, kneeling, stooping, lifting or carrying groceries. 29 These limitations made performing ADL dif®cult. However, quality of life was not found to be strongly associated with social functioning, role limitations due to physical or emotional problems, mental health, vitality, pain or health changes within the ®rst year of the study. 29 These investigators concluded that obesity lowers quality of life only by impaired ADL performance.
The 2.3-fold increase in obese class II ± III people who reported`some dif®culty thinking' was not surprising since Beck and colleagues 30 and Seligman 31 were both able to demonstrate that cognitive distortions can predispose individuals to develop more discrete psychiatric conditions such as depression. Impaired cognitive processes may also have an important impact on an obese individual's self-concept, body image, mood disturbances and general psychopathology. Controlled long-term caloric restriction has been demonstrated to signi®cantly improved word recall performance by 24% at the end of caloric restriction. 32 Unfortunately, relatively few studies have addressed the causal relationship between obesity and cognitive dysfunction. Increased research in this area may result in both pharmacological and behavioral treatments for weight-loss.
Although we expected to ®nd a relationship between emotional distress and obesity, our study failed to ®nd anything other than a statistical trend towards poorer responses in the emotional component. This should not be surprising, since studies comparing obese and nonobese persons have generally failed to ®nd differences in global aspects of psychological functioning (eg depression, anxiety). 33 However, certain stigma, bias and negative attitudes might affect ®ndings in certain populations. 33 Newer studies have linked being overweight and obese with a greater degree of clinical depression. 34, 35 In addition, obesity was found to be inversely related to socioeconomic status in women, and associated with both downward social mobility and lower levels of socioeconomic attainment that further lower quality of life. 35 
Stewart and Brook
15 were able to demonstrate that 18% of overweight respondents among a sample of 5817 people reported experiencing at least mild pain attributable to their body weight, while another 18% reported activity restriction due to their body weight. Respondents in the highest weight class within this analysis also reported moderate to severe pain that was associated with the prevention of some or most activities. This result may indicate that pain management may currently be a neglected aspect of the management of obese individuals.
The ®nal objective of this study was to de®ne what was a signi®cant change in the mean HUI3 scores of the obese population. This was accomplished by comparing the changes in our study population against changes in the catalog of health state utilities published by the Beaver Dam Health Outcomes Study. 25 The decreases in the male population between the lowest and highest weight groups in our population (ie 0.02) were of the same magnitude as someone having migraine or colitis (vs a population without these illnesses). The utility difference (ie 0.06) between the same two weight categories in women in our population was similar to individuals with ulcers or macular degeneration, and greater than stroke, diabetes, or asthma. The change in HUI3 mean score for the population as a whole was just greater than for those reporting diabetes, glaucoma or migraine. The impact of obesity on quality of life is at least as great as many other chronic non-cardiovascular conditions currently treated in the Canadian population. While only 2.5% of the male population (BMI ! 35) could be characterized by decrements in utility of ! 0.02, a large proportion (39.8%) of women (BMI ! 25) demonstrated a decrease in utility of this magnitude. This seems to demonstrate a large gender-speci®c difference in the impact of weight on utility.
While the amount of research relating obesity to wellbeing and quality of life is scarce, it will be important in further characterizing the full impact of this signi®cant population health issue. Furthermore, quality of life outcomes may be one of the most relevant indicies of clinical ef®cacy of treatments directed at obesity.
Conclusion
This analysis demonstrated a signi®cant decrease in the health utility of obese individuals. Decreases were due to changes in each of the eight-attributes of the HUI3, encompassing both physical and mental changes. These ®ndings stress the signi®cant impact that obesity has on an individual's well-being, but also indicate a signi®cant potential for improvement of the daily quality of life of obese individuals.
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